Summary. Various clinical and histologic approaches to the study of the retinal vasculature of the chinese hamster are described. The techniques include hindus photography, fluorescein angiogTaphy and the labeling of possibly damaged capillaries with carbon particles. A small group of untreated juvenile diabetic and control chinese hamsters were investigated. I-Iistologie study showed evidence suggestive of pathology at the capillary level in the diabetics. The endothelial cell (E) to intramural pericyte (IMP) ratio was significantly elevated in the diabetic animals.
The purpose of this study was to apply some of the modern methods developed for the investigation of the human retina to the small eye of the chinese hamster. Retinal photographs and fluorescein angiograms were successfully completed and correlated with histopathologic studies. Experiments also included trypsindigested flat mounts [7] of the retinas from animals previously injected with carbon particles, in order to demonstrate possible leaks in the basement membrane of retinal capillaries. Labeling with carbon particles was previously described in the study of the mechanism of vascular leakage in inflammation [8, 9] . Finally, the ratio of endothelial cells (E) to intramural pericytes (IMP) was easily determined in trypsin-digested flat mounts.
The need for an experimental model of diabetic retinopathy cannot be overemphasized. Diabetes mellitus has become the major cause of blindness except for glaucoma and cataracts [11] . Retinal changes have been reported in spontaneous diabetic dogs and cats [4, 10] , and in chemically induced canine diabetes [1] . No changes were found in the alloxan-diabetic rat [3, 10] . The chinese hamster was selected since it develops diabetes spontaneously while control animals are available within the same strain. A large, well-established colony of animals is available, and retinal changes have been previously described in this species [12] .
The retinal vasculature of twenty chinese hamsters was studied. There were eight males (four diabetics and four normals) and twelve females (six diabetics and six normal@ The animals ranged in age from 12 to 32 months, and for each diabetic there was a control animal of the same age. The diabetics were all of the juvenile type and untreated. The fasting blood sugar in any diabetic was always greater than 250 mg % and the urinary glucose was always greater than 500 rag/ 24 h. To study the ocular fundus with indirect ophthalmoscopy the animal was first anesthetized with an intraperitoneal injection (0.11 ml/10 g) of nembutal (5 mg/ml). The pupils were dilated with 10% neosynephrine and 1% cyclogyl. All the animals were studied in this manner.
Fundus Photography: After the animal was prepared as above, the posterior pole of the eye was photographed with the Zeiss ocular Iundus camera. Other areas of the retina were photographed with the Kowa fundus camera.
Fluorescein Angiography: With the animal prepared as described, a vertical incision on the thigh, medially close to the abdomen was made and the femoral vein was exposed. A 27-gauge needle on the end of a polyethylene tube attached to a tuberculin syringe (5% fluoreseein) was placed in the femoral vein. While 0.03 ml --0.05 ml of fluorescein was quickly injected, rapid sequence photography of the posterior pole was performed with the Zeiss fundus camera.
Injection with carbon particles:
The animal was prepared in the same manner used for fluorescein injection. A colloidal suspension of carbon particles (average particle size of 200A) was injected [8, 9] into the femoral vein (0.025 ml/25 g body weight). Two hours later the animal was killed and the eyes were taken for histologic study.
Histologic techniques: While the animal was deeply anesthetized, both globes were enucleated and placed in formalin solution for at least 24 h. The animal with indirect ophthalmoscopy. There was much variability in the clinical appearance of the retinal vasculature of the normal chinese hamster. In most animals the vessels radiate in relatively straight lines from the disc (Fig. 1) . In some animals the vessels were more tortuous. The number of main vessel trunks varied from eight to twelve. The arteries and veins alternated and were usually equal distance from one another. Occasionally an artery and vein could be seen running side by side.
The disc was seen to be an elevated, pigmented, conical-shaped structure. There was always what ap- was then euthanized. The retina from one globe was then used to make a trypsin-digested flat mount [7] stained with PAS and hematoxylin. The other eye of the pair was embedded in paraffin, and sections (cut at 6 ~) were made in the anterior-posterior plane. These were stained with t t & E or PAS and hematoxylin.
Determination of E/IMP:
The ratio of endothelial cells (E) to intramural perieytes (E/IMP) was derived from cell counts at 430 • magnification. Four separate counts were made for each retina, two at the posterior pole and two in the mid-periphery. All the endothelial cells and all the intramural periey~es of capillaries were counted in each field. The E/IMP for each animal was estimated by averaging the four counts.
Results
Of the twenty animals studied, six had cataracts which made photography impossible. In most of these, the retinal vascular patterns could still be visualized peared to be an artery running around its distal end. The arteries left the disc distally, while the veins seemed to enter the disc at its base.
Histologically, as the vessels leave the disc they are elevated and then rapidly slope down into the nerve fibre layer of the retina (Fig. 2) . The larger main vessel trunks range in diameter from 50 ~ to 70 ~, the veins being slightly larger than their companion arteries. These main trunks branch into smaller vessels ranging in diameter from 15 ~ to 40 ~. Interwoven between these vessels is a dense network of capillaries 7 tz to 10 ~z in diameter, and these vessels appear to comprise the bulk of the retinal circulation. The trypsin-digested flat mounts show that morphologically, the retinal vessels of the chinese hamster are quite similar in every respect to the human preparations (Fig. 3) . On crosssection the larger vessels are seen in the nerve fibre layer and ganglion cell layer, while the capillary network weaves through the inner plexiform, inner nuclear, and just into the outer plexiform layer of the retina (Figs. 4 and 5 ). The capillary network showed the same morphological aspect in all areas of the retina. The meshwork was more dense (i.e., more capillaries/area) in the posterior pole t h a n in the periphery. An area suggestive of a macula could n o t be found in either the flat preparations or on funduscopie examination.
In m o u n t i n g the trypsin-digested fiat retinal preparations the n o r m a l three dimensional vascular pattern is distorted b y placing an the vessels in a two dimensional plane. Some of the small capillaries become folded on themselves causing a constriction at each fold. There are always two constrictions with a n o r m a l diameter vessel between which can easily be m i s t a k e n for a fusiiorm-shaped aneurysm.
I n the diabetic animals studied the clinical appearanee was the same. There were no hemorrhages or aneurysms, and what appeared as exudates or retinal edema t u r n e d out to be material in the corpus vitreum. Upon histological examination, the diabetic animals showed no aneurysms other t h a n the artefacts previously described. I n four of the diabetics there was an occasional length of capillary with no endothelial cells and no i n t r a m u r a l pericytes (Fig. 6 ). These vessels were usually seen near a collecting venule. These could v e r y well be artefacts. I n four animals studied b y injection of carbon partieles, the two diabetics showed carbon in some of the small capillaries (Fig. 7) . The carbon labeled vessels were mostly found on the venous side of the capillary bed. There were no carbon particles seen in the retinal vasculature of the normal animal two hours after injection.
The ratio E / I M P was significantly elevated in the diabetic animals as c o m p a r e d with the normal control group (Table 1) . There was no significant correlation of the E / I M P -r a t i o to the age of the animM or to the duration of diabetes or ketosis. I t is interesting t h a t the E / I M P was greater in the female diabetics t h a n in the male diabetics, whereas no significant difference in this respect was found between the n o r m a l males to the n o r m a l females (Table 1) . I n two animals fluorescein angiography was successfully carried out, and there was no a p p a r e n t difference between the n o r m a l a n d the diabetic animal. W i t h the fluorescein t e c h n i q u e one could differentiate the arteriole filling phase from the venous collecting phase. Smaller vessels which were not seen by indirect ophthalmoscopy were seen with fluorescein angiography (Fig. 1) .
Discussion
Fundus photography and fluorescein angiography are techniques which can be used to study the retinal vasculature of the chinese hamster. With these techniques a permanent record of the clinical picture can be made. Fluoreseein angiography demonstrates details not visible by other clinical means. There is general agreement that histologically, in the human diabetic, the earlier changes consist in a loss of intramural pericytes and a dysfunction of the basemant membrane of the retinal capillaries [1, 2, 13, 14] . In the diabetic chinese hamster, no definite pathologic changes were observed which could be considered to be similar to those in human diabetes either clinically or by histologic studies, The occasional capillaries seen without cells and the fact that some of the capillaries do become labeled with carbon particles is suggestive of pathologic changes in the diabetic animals. The significant elevation of the E/IMP-ratio in the diabetic animals serves as more concrete evidence of the presence of pathology. It is felt that the results of this work indicate that further studies of the retinal vasculature of the chinese hamster should be undertaken.
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